Express Mail Label No.: EV292544077US 
Date of Deposit: December 3 1 , 2003 



METHOD AND APPARATUS FOR LASER IMPULSE SAMPLE 

DEPOSITION 

BACKGROUND OF INVENTION 

1 . Field of Invention 

This invention relates to deposition of sample materials using a laser or other 
illumination beam. 

2. Description of Related Art 

Manipulation of material samples is important in a variety of fields, such as in 
automated proteomic, genomic, and other biotech-related research. Commonly, 
material samples are handled in liquid form using a variety of different types of liquid 
handling apparatus, such as pipettors, robotically-manipulated liquid handling tools, 
spotting devices, etc. To improve processing times, sample density or other features, 
particularly in automated research operations, sample sizes have been made 
progressively smaller and smaller. In some case, standard liquid handling apparatus, 
such as hand-held pipettors, are not suitable for manipulating small sample volumes, 
such as nanoliter-sized samples. 

SUMMARY OF INVENTION 

In one aspect of the invention, a sample may be deposited on a work surface 
based on an illumination beam being incident on a sample transfer device. For 
example, a liquid material may be positioned on or near a sample transfer device, and 
when the sample transfer device is illuminated by an illumination beam, at least a 
portion of the sample material may be transferred to a work surface. By controlling 
the deposition of samples based on an illumination beam, the size and/or position of 
the deposited sample on the work surface may be closely controlled. 

In one aspect of the invention, a sample depositing system includes an 
illumination source that forms an illumination beam. For example, the illumination 
source may be or include a laser, such as a YAG laser. A sample transfer device may 
carry a sample material to be deposited on a work surface. The sample transfer device 
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may include at least one layer of a material that is relatively transparent to the 
illumination beam, such as quartz, another inorganic material or other plastic material. 
The sample transfer device may also include a layer of opaque or transmission- 
resistant material, such as a layer of nickel or aluminum, a plastic material such as 
5 mylar, or other material. Illumination of a portion of the sample transfer device by the 
illumination beam may cause a portion of the sample material carried by the sample 
transfer device to be separated from the sample transfer device and deposited on a 
work surface. The mechanism by which the portion of sample material is separated 
from the sample transfer device may vary in different ways. For example, in one 

10 aspect of the invention, illumination of the sample transfer device by the illumination 
beam may cause uneven heating and/or expansion in portions of the sample transfer 
device. This uneven heating/expansion can cause the sample transfer device to buckle 
or otherwise move rapidly, releasing a portion of the sample carried by the sample 
transfer device. However, sample deposition does not result from the separation of a 

15 portion of the sample transfer device adjacent the sample material that carries sample 
material with it. 

In another aspect of the invention, illumination of the sample transfer device 
can cause localized heating of a portion of the sample transfer device and/or the 
sample material. This localized heating may cause a rapid expansion, e.g., caused by 

20 vaporization of a portion of the sample transfer device and/or the sample material. 

This rapid expansion may cause a portion of the sample material to be separated from 
the sample transfer device and deposited on a work surface. 

In another aspect of the invention, illumination of the sample transfer device 
and/or the sample material may transfer kinetic or other energy from the illumination 

25 beam to a portion of the sample material, causing the portion of sample material to be 
separated from the sample transfer device. For example, the illumination beam may 
cause bonds in the sample material and/or between the sample material and the 
sample transfer device to be broken and release energy, thereby causing deposition of 
a portion of the sample material. 

30 In one aspect of the invention, a sample depositing system includes an 

illumination source that forms an illumination beam, and a sample transfer device that 
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receives the illumination beam from the illumination source. A sample material may 
be carried by the sample transfer device, and a controller may cause the illumination 
source to illuminate the sample transfer device and thereby cause at least a portion of 
the sample material carried by the sample transfer device to be controllably separated 
5 from the transfer device and deposited on a work surface. The portion of sample 
material may be deposited without requiring a portion of the sample transfer device 
positioned adjacent the sample material to separate from the sample transfer device. 

In another aspect of the invention, a method for depositing a sample material 
includes providing a sample material on a sample transfer device, and illuminating the 

10 sample transfer device with an illumination beam. At least a portion of the sample 
material may be caused to be separated from the sample transfer device and deposited 
on a work surface in response to illumination of the illumination beam. The portion 
of the sample material may be deposited without requiring a portion of the surface 
positioned adjacent the sample material to separate from the sample transfer device. 

15 These and other aspects of the invention will be apparent and/or obvious from 

the following detailed description and appended claims. 

BRIEF DESCRIPTION OF DRAWINGS 

Aspects of the invention are described in connection with the following 
20 illustrative drawings in which like numerals reference like elements, and wherein: 

FIG. 1 is a sample deposition apparatus in accordance with one aspect of the 
invention; 

FIG. 2 shows a side view of a first embodiment of a sample transfer device 
25 emitting a sample droplet; 

FIG. 3 shows a side view of another illustrative embodiment of a sample 
transfer device emitting a sample droplet; 

FIG. 4 shows a side view of another illustrative embodiment of a sample 
transfer device having a projection extending into a sample material; 
30 FIG. 5 shows a side view of yet another embodiment of a sample transfer 

device having a nozzle-like cavity; 
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FIG. 6 shows a side view of another illustrative embodiment of a sample 
transfer device having an internal cavity from which a sample material is expelled; 

FIG. 7 shows a side view of another illustrative embodiment of a sample 
transfer device having an internal cavity and a moveable driver member; 

FIG. 8 illustrates a sample droplet being expelled from the FIG. 7 
embodiment; 

FIG. 9 shows an illustrative embodiment including a mask that defines at least 
one location where sample material is deposited on a work surface; and 

FIG. 10 shows an illustrative embodiment of a sample transfer device 
including an explosive or other reactive substance. 

DETAILED DESCRIPTION 

This invention is not limited in its application to the details of construction and 
the arrangement of components set forth in the following description or illustrated in 
the drawings. The invention is capable of other embodiments and of being practiced 
or of being carried out in various ways. Also, the phraseology and terminology used 
herein is for the purpose of description and should not be regarded as limiting. The 
use of "including," "comprising," or "having," "containing", "involving", and 
variations thereof herein, is meant to encompass the items listed thereafter and 
equivalents thereof as well as additional items. 

Aspects of the invention relate to controllably depositing a sample material on 
a work surface. In the illustrative embodiments described below, the sample material 
includes a liquid and the sample material is deposited in a droplet form. However, it 
should be understood that the sample material need not be or include a liquid, but 
instead may be or include a solid. Moreover, the sample material may include one 
element or composition, or include a combination of two or more elements or 
compositions. For example, the sample material may be a mixture of DNA or other 
genomic fragments in a liquid carrier material. In short, not all aspect of the invention 
are limited to depositing any particular type of sample material. 

Figure 1 shows a sample depositing system in accordance with one aspect of 
the invention. In this illustrative embodiment, a sample transfer device 1 cooperates 
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with an illumination source 2, such as a laser, and a controller 3 to control lably 
deposit at least a portion of a sample material 5 on a work surface 4. In this 
embodiment, the sample material 5 is carried by the sample transfer device 1 on a 
surface nearest the work surface 4 although the sample material 5 may be positioned 
5 in any suitable way relative to the sample transfer device 1 as will be discussed in 
more detail below. The work surface 4 is shown as being a flat, planar surface, but 
the work surface 4 may have any suitable form, such as a microtiter plate or a similar 
device having multiple wells or other sample holders, an absorbent material, or other 
suitable device or region to receive the sample material 5. 

10 The sample transfer device and the way in which the sample material is 

associated with the sample transfer device 1 operate to deposit at least a portion of the 
sample material 5 on the work surface 4 upon suitable illumination from the 
illumination source 2. For example, illumination of the sample transfer device 1 may 
cause a portion of the sample transfer device 1 to move and thereby expel a droplet of 

15 the sample material 5. In another illustrative embodiment, illumination of the sample 
transfer device 1 can heat a portion of the sample transfer device 1 and/or the sample 
material 5 which causes deposition of a portion of the sample material 5 to occur. For 
example, a portion of the sample material 5 may heat rapidly in response to the 
illumination, causing a vapor bubble to form and thereby cause a droplet of the 

20 sample material 5 to be expelled. In another illustrative embodiment, illumination of 
the sample transfer device can transfer kinetic or other energy from the illumination to 
a portion of the sample material 5 and cause separation of at least a portion of the 
sample material from the sample transfer device 1 . For example, the sample material 
5 may include a material that, when illuminated by the beam 2, has atomic or other 

25 bonds that break and release energy to cause a portion of the sample material to be 

expelled. In another embodiment, adhesive or cohesive bonds between portions of the 
sample material 5 and/or the sample transfer device 1 may be broken by illumination 
of the beam, causing a portion of the sample material to be separated and deposited. 
Whatever the mechanism for deposition, however, illumination of the sample transfer 

30 device 1 does not cause a portion of the sample transfer device 1 on a side near the 
sample material 5 to break away and carry a portion of the sample material 5 with it. 
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The illumination provided by the illumination source 2 may be in any suitable 
form, in some cases depending upon the mechanism by which sample material is 
separated from the sample transfer device 1 . For example, the illumination source 2 
may be a laser, such as an YAG laser that emits a beam toward the sample transfer 

5 device 1. The illumination beam may be focused, collimated or have any other 
suitable form. Moreover, the beam may be steerable so that the beam illuminates 
selected portions of the sample transfer device 1 . This may allow the illumination 
source 2 to address different portions of the sample transfer device 1 and control the 
positions at which sample material 5 is deposited on the work surface 4. For example, 

10 the sample transfer device 1 may include several areas where a sample material 5 is 
carried. The illumination source 2 may selectively illuminate these separate portions 
of the sample transfer device 1 so that the sample material is deposited into selected 
wells or other defined areas of the work surface 4. Of course, the illumination source 
2 need not include a laser, but may provide any suitable visible or invisible 

15 electromagnetic illumination. In addition, the illumination source 2 may provide two 
or more beams that may be emitted simultaneously or sequentially, as desired. 

The controller 3 may include any suitable components for performing sample 
deposition functions. For example, the controller 3 may include any suitable general 
purpose data processing system, which can be, or include, a suitably programmed 

20 general purpose computer or network of computers and other associated devices 

including communication devices, and/or other circuitry or components necessary to 
control operation of the illumination source 2. In addition, the controller 3 may 
control devices that move the sample transfer device 1 and/or the work surface 4, e.g., 
where such movement is used to control the position where sample material is 

25 deposited. Thus, the controller 3 may include robotic manipulators or other drives to 
move the illumination source 2, the sample transfer device 1 and/or the work surface 
4. The controller 3 may also include other devices, such as an information display 
device (a printer, monitor or other device), user input devices (a keyboard, user 
pointing device, touch screen or other user interface), data storage devices (magnetic, 

30 optical or other memories), or other suitable devices. 
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Figure 2 shows one illustrative embodiment of a sample transfer device 1 
having at least two layers 1 1 and 12 and a movable portion. A first layer 1 1 may 
include a first material such as a material that is transparent or translucent to the 
illumination beam from the illumination source 2. For example, the first layer 1 1 may 

5 include a quartz material, a plastic or other suitable material. A second layer 12 may 
include a material that is opaque to or otherwise impedes passage of the illumination 
through the sample transfer device 1. In this embodiment, the second layer 12 may 
include a metallic material, such as nickel or aluminum, a ceramic material, a liquid 
material, a gel, a plastic material or other suitable material. Upon illumination of the 

10 sample transfer device by an illumination beam, a portion of the sample transfer 

device 1 may move, causing a droplet 51 to be formed from the sample material 5 and 
deposited on the work surface 4. However, during movement of a portion of the 
sample transfer device 1, no portion of the sample transfer device 3 breaks away on a 
side near the sample material 5 to carry a portion of the sample material 5 (e.g., in a 

15 shrapnel-like effect) or otherwise cause deposition of the sample material 5. Instead, 
in this embodiment, the sample transfer device 1 stays generally intact while a portion 
of the device 1 moves to cause deposition. 

Figure 3 shows another illustrative embodiment and a mechanism by which a 
sample transfer device 1 may operate to expel a droplet 51 from the sample material 

20 5. This embodiment is different from the Figure 2 embodiment in that the second 
layer 12 of opaque or transmission-resistant material has a first layer 1 la of a 
transparent or translucent material on a top side and a third layer 1 lb of a material on 
a bottom side. The third layer 1 lb may separate the second layer 12 from the sample 
material 5 (e.g., to prevent the second layer 12 from contaminating or otherwise 

25 contact the sample material 5), and may or may not operate with the first and second 
layers 1 la and 12 to cause deposition of a portion of sample material. However, the 
principles of operation of the Figure 3 embodiment may apply to the Figure 2 
embodiment. 

Prior to illumination, the sample transfer device 1 may be slightly concave up 
30 or flat with the sample material carried by the device 1 on a lower surface, as shown 
on the left in Figure 3. Upon illumination, the sample transfer device 1 may move 
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from the concave up or flat position to a concave down or flat position, as shown on 
the right in Figure 3. This movement may cause a droplet 51 to be formed from the 
sample material 5 whereupon the droplet 51 is deposited on the work surface 4. 
Movement of the sample transfer device 1 may be caused, for example, by uneven 

5 expansion rates of the first and second layers 1 1 a and 12 (or the second and third 

layers 12 and 1 lb, or the first, second and third layers 1 la, 12, and 1 lb) when heated 
by the illumination beam. For example, depending on the geometry of the sample 
transfer device 1, the first layer 1 la may expand more rapidly or more slowly than the 
second layer 12 in response to the illumination beam. This difference in expansion 

10 rates may cause the sample transfer device 1 to rapidly move or buckle causing the 
droplet 51 to be formed. However, the different expansion generally will not cause 
portions of the sample transfer device 1 to break away or otherwise separate on a side 
near the sample material 5. Although heating may be caused directly by the 
illumination beam, heating may be caused indirectly, e.g., by the beam activating an 

15 optically-controlled switch that allows current to flow through an electrical resistance 
heater in or on the sample transfer device 1 . 

Figures 2 and 3 show that the sample transfer device 1 has an approximately 
planar profile, but it should be understood that the sample transfer device 1 need not 
necessarily be made in a planar form. In addition, the sample transfer device 1 may 

20 have any suitable shape or configuration as viewed from the top, i.e., a direction 

parallel to the direction in which the droplet 51 is expelled as shown in Figures 2 and 
3. For example, the sample transfer device 1 may have a rectangular, circular or other 
shape. Moreover, the layers 1 1 and 12 and other additional layers need not be formed 
continuously across the entire sample transfer device 1 . Instead, the layers may be 

25 formed in a discontinuous or other suitable pattern. For example, the second layer 12 
including the metallic material may be provided in concentric annular rings, parallel 
strips, or other suitable patterns. In addition, the sample transfer device 1 need not 
move upward to expel a drop as shown in Figure 3, but instead may move downward, 
sideways or in another fashion to expel a droplet 5 1 . Likewise, the sample transfer 

30 device need not expel drops only in a downward direction (with the force of gravity), 
but instead may deposit sample material in an upward or sideways direction. For 
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example, expelling a drop upward (against the force of gravity on the drop) may allow 
for more control of the size, volume and/or weight of drops deposited on the work 
surface. That is, excessively large drops may not have sufficient energy when 
expelled to overcome the force of gravity and reach the work surface. Thus, only 

5 drops of a certain size or smaller may be successfully deposited. In addition, 

expelling drops upwardly may allow for easier positioning of sample material 5 on the 
sample transfer device, e.g., in some applications liquid sample material 5 may not be 
easily positioned on a bottom surface of a sample transfer device as shown in Figure 
1 , and instead may be easier placed on a top side of the sample transfer device 1 . 

10 Figure 4 shows another illustrative embodiment of a sample transfer device 1 

having at least one projection 13. The projection 13 may function to help in 
separating a portion of the sample material 5 from the sample transfer device 1 . For 
example, the projection 13 may serve a mechanical function to help in forming a 
droplet 51, e.g., by forming a discontinuity in the surface in the sample material 5 that 

15 helps to form a droplet 5 1 . Alternately, the projection 1 3 may perform an optical 

function, e.g., by focusing illumination from the illumination source 2 to a particular 
portion of the sample transfer device 1 and/or the sample material 5. Focusing of the 
illumination may cause more rapid heating in selected locations and/or serve to more 
efficiently transfer kinetic or other energy from the beam to portions of the sample 

20 material 5. In another illustrative embodiment, the projection 13 may perform a 

heating function, e.g., where the projection 13 is arranged to be rapidly heated by the 
illumination beam and to conduct its heat to the sample material 5. This heat transfer 
may in turn heat the sample material 5, forming a bubble that causes a droplet 51 to be 
expelled. The projection 13 may have any suitable shape, which may depend upon 

25 the function that it performs in the sample transfer device 1 . Similarly, the sample 
transfer device 1 may have multiple layers of different material, e.g., as in Figures 2 
or 3, or have any other suitable configuration. 

Figure 5 shows another illustrative embodiment of a sample transfer device 1 
having at least one cavity 14. One or more cavities 14 in the sample transfer device 1 

30 may aid in the formation of droplets expelled from the sample transfer device 1 . For 
example, a cavity 14 may serve to focus or otherwise direct pressure waves in a liquid 
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sample material 5 when one or more portions of the sample transfer device 1 moves, 
e.g., in a way like that shown in Figure 3. The focusing or other effect on pressure 
waves may help form a droplet 5 1 when depositing a sample. Alternately, a cavity 14 
may serve to preferentially heat one portion of the sample transfer device 1 or the 

5 sample material 5. For example, the cavity 14 may increase the surface area of the 
sample transfer device 1 in contact with the sample material 5, thereby increasing the 
heat transfer and consequent formation of a droplet 51 to be expelled. The cavity 14 
may have any suitable size and/or shape depending on the function it performs. 
Moreover, the sample transfer device 1 may have two or more cavities 14 that may be 

10 individually addressed by the illumination source 2 or may otherwise individually 
form droplets 5 1 that are expelled from the sample transfer device 1 . Like the 
projections 13 in Figure 4, one or more cavities 14 may be incorporated in any type of 
sample transfer device, including those having two or more layers. Moreover, 
projections 13 and cavities 14 may be combined into single device and work together 

15 to deposit sample material 5. 

Figure 6 shows another illustrative embodiment of a sample transfer device 1 
having an internal chamber 16 and an opening 15. In this illustrative embodiment, a 
sample material 5 is located in the chamber 16. The sample material 5 may or may 
not entirely fill the chamber 16. Upon illumination of the sample transfer device 1, at 

20 least a portion of the sample material 5 may be expelled through the opening 1 5 and 
deposited on a work surface 4. The cause of the sample material 5 being forced 
through the opening 15 may be any of those described above, namely a heating of the 
sample material 5 or gas or other material in the chamber 16, movement of one or 
more portions of the sample transfer device 1, or a transfer of kinetic or other energy 

25 from the illumination beam to portions of the sample material 5. For example, Figure 
7 shows one illustrative embodiment in which an upper portion of the sample transfer 
device 1 includes first and second layers 1 1 and 12 like that in the Figure 2 
embodiment. As can be seen in Figure 8, illumination of the sample transfer device 1 
may cause the first and second layers 1 1 and 12 to move from a rest position to a 

30 deflected position, e.g., a concave up condition shown in Figure 8, which forces 

sample material in the chamber 16 through the opening 15. As with other illustrative 
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embodiments, the sample transfer device may include multiple chambers 1 6 with 
multiple openings 15 from which droplets 51 may be expelled. Alternately, the 
sample transfer device 1 may be provided with one relatively large chamber 16 that 
communicates with two or more openings 1 5 through which droplets are expelled. 

5 In another illustrative embodiment shown in Figure 9, a mask 1 6 may be 

provided with a pattern of openings 15 and the sample transfer device 1 may expel 
sample material 5 in the general direction of the mask. The mask 16 may then 
selectively block portions of the sample material expelled by the sample transfer 
device 1, only allowing sample material to be deposited through the openings 15 in 

10 the mask 16 and onto desired locations on the work surface 4. The mask 1 6 may be 
secured to the sample transfer device 1, or may be separate. 

In another illustrative embodiment shown in Figure 10, the sample transfer 
device 1 may have an explosive or other reactive substance or substances 17 on a 
portion of the sample transfer device 1 . This substance 1 7 may explode or expand 

15 rapidly upon illumination of the illumination beam, thereby transferring kinetic 

energy to the sample transfer device 1 . The explosion or rapid expansion may cause a 
portion of the sample transfer device 1 to move and cause a deposition of the sample 
material 5. The substance 17 may be provided in discrete locations on the sample 
transfer device 1 and selectively illuminated, the substance may be provided in a 

20 continuous layer and selectively illuminated, or other. 

Various aspects of the invention may be particularly useful in depositing 
liquid samples of genomic, proteomic or other materials used in biotech research. 
Extremely small volume droplets may be produced using various aspects of the 
invention, with droplet volumes ranging down to the nanoliter size range. Aspects of 

25 the invention also allow sample deposition to occur with few moving parts and 
limited contact between the sample and the deposition apparatus. 

While the invention has been described with reference to various illustrative 
embodiments, the invention is not limited to the embodiments described. It is evident 
that many alternatives, modifications and variations of the embodiments described 

30 will be apparent to those skilled in the art. Accordingly, embodiments of the 
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invention as set forth herein are intended to be illustrative, not limiting. Various 
changes may be made without departing from the invention. 
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